Background: Families of children with attention deficit hyperactivity disorder (ADHD) report more negative family relationships than families of children without ADHD. Questions remain as to the role of genetic factors underlying associations between family relationships and children's ADHD symptoms, and the role of children's ADHD symptoms as an evocative influence on the quality of relationships experienced within such families. Utilizing the attributes of two genetically sensitive research designs, the present study examined associations between biologically related and nonbiologically related maternal ADHD symptoms, parenting practices, child impulsivity/activation, and child ADHD symptoms. The combined attributes of the study designs permit assessment of associations while controlling for passive genotype-environment correlation and directly examining evocative genotype-environment correlation (rGE); two relatively under examined confounds of past research in this area. Methods: A cross-sectional adoption-at-conception design (Cardiff IVF Study; C-IVF) and a longitudinal adoption-at-birth design (Early Growth and Development Study; EGDS) were used. The C-IVF sample included 160 mothers and children (age 5-8 years). The EGDS sample included 320 linked sets of adopted children (age 6 years), adoptive-, and biologically related mothers. Questionnaires were used to assess maternal ADHD symptoms, parenting practices, child impulsivity/ activation, and child ADHD symptoms. A cross-rater approach was used across measures of maternal behavior (mother reports) and child ADHD symptoms (father reports). Results: Significant associations were revealed between rearing mother ADHD symptoms, hostile parenting behavior, and child ADHD symptoms in both samples. Because both samples consisted of genetically unrelated mothers and children, passive rGE was removed as a possible explanatory factor underlying these associations. Further, path analysis revealed evidence for evocative rGE processes in the longitudinal adoption-at-birth study (EGDS) from biologically related maternal ADHD symptoms to biologically unrelated maternal hostile parenting through early disrupted child behavior (impulsivity/activation), with maternal hostile parenting and disrupted child behavior associated with later child ADHD symptoms, controlling for concurrent adoptive mother ADHD symptoms. Conclusions: Results highlight the importance of genetically influenced child ADHD-related temperamental attributes on genetically unrelated maternal hostility that in turn links to later child ADHD symptoms. Implications for intervention programs focusing on early family processes and the precursors of child ADHD symptoms are discussed.
Introduction
Attention Deficit Hyperactivity Disorder (ADHD), whether defined as a diagnostic category or dimensionally, is known to be highly heritable (Thapar, Cooper, Eyre, & Langley, 2012) . However, like all psychopathology, noninherited factors also contribute (Lifford, Harold, & Thapar, 2009 ). Although many pre-, peri-, and postnatal environmental factors have been associated with ADHD symptoms, it has been challenging to demonstrate which environmental factors have causal risk effects . Family relationships, particularly negative parenting practices, are known to contribute to different forms of psychopathology (Harold, Elam, Lewis, Rice, & Thapar, 2012) , with families of children with ADHD reporting higher rates of conflict within the family and more negative parent-child relationships (Barkley, 1998) . However, it remains unclear whether specific family conditions (e.g. hostile parenting) have risk or worsening effects on ADHD as two primary alternative explanations may account for this association. First, the association between family relationship factors and child ADHD symptoms may be explained by genes shared between parents and their biologically related children. Second, this relationship may be explained by child ADHD symptoms affecting family relationship interaction patterns, rather than the other way around. Very few studies have utilized research designs that allow genetic and environmental factors to be disentangled effectively and yield the possibility of examining child-on-parent effects (reverse causation) in exploring the etiological synergies between childhood ADHD symptoms and negative family relationships. The present study uses data from two novel genetically sensitive research designs to advance understanding of the interplay between mother-child family interaction patterns and child ADHD symptoms, while addressing each of these caveats of past research.
Family influences on children's ADHD symptoms
The role of genetic and family relationship influences on the course of child ADHD symptoms is plausible given evidence from multiple research designs, including classic twin designs (Burt, 2009; Burt, 2010; Greven, Rijsdijk, & Plomin, 2011) , genomic studies (Williams et al., 2012) community longitudinal studies (Lifford et al., 2009) , and experimental treatment studies (Wells et al., 2000) . Clinical and population studies, including longitudinal and treatment studies, have shown especially robust associations between negative parent-child relationships and child ADHD symptoms (see Deault, 2010) . However, treatment and longitudinal studies have also provided evidence that negative parent-child relationships may arise as a result of child ADHD symptoms (Lifford et al., 2009; Schachar, Taylor, Wieselberg, Thorley, & Rutter, 1987) . Very few studies in this area have used designs that control for the effects of inherited confounders and consider childon-parent effects. One notable exception to this general dearth of knowledge derives from a series of studies utilizing a quasi-experimental design with children from a Romanian orphanage in which extreme, albeit rare, forms of adversity increased the risks of ADHD symptoms and quasi-autistic symptoms (Stevens, Sonuga-Barke, Asherson, Kreppner, & Rutter, 2006) .
The vast majority of research on family relationship influences and childhood outcomes has been conducted with biologically related parents (mothers) and children. However, such studies make it difficult to ascertain whether associations between family level variables (e.g. parenting) and child outcomes (e.g. ADHD) represent environmental effects or shared genetic influences (Plomin, DeFries, & Loehlin, 1977) . In biological families, associations between characteristics of the parent and characteristics of the child may result from shared genetic characteristics that simultaneously influence both the trait in the parent and child. That is, genes may not only affect the specific index of psychopathology considered (e.g. ADHD) but may also affect the rearing environment that children experience (e.g. parenting practices). This overlap of influence has been defined as genotype-environment correlation (rGE).
Two primary configurations of rGE -evocative rGE and passive rGE -have been highlighted in past research. Evocative rGE suggests that genetically influenced child characteristics evoke patterned responses such as hostility or negativity from a parent (see Ge et al., 1996) . Passive rGE suggests that associations between parent and child characteristics (hostile parenting and child ADHD symptoms) result from common underlying genetic factors that simultaneously influence behavioral traits in both parent and child (Jaffee & Price, 2007) .
Traditional approaches to examining genotype-environment correlation
Passive and evocative rGE have been highlighted in past research using the twin design (Horwitz & Neiderhiser, 2011) , and a variation thereof known as the children-of-twins (CoT) design (D'Onofrio, 2005) . Some studies suggest that passive rGE is not an evident component underlying associations between features of parenting and adolescent antisocial behavior (Caspi et al., 2004) . However, evidence of passive rGE cannot be ruled out in most genetically informed studies, specifically in relation to links between parenting behavior and child adjustment. Examination of evocative rGE has been facilitated by longitudinal designs where genetically influenced twin behaviors are found to predict later parenting. Using this design, evocative effects have been found between toddlers' difficult temperament and behavior on mothers' hostile parenting (Forget-Dubois et al., 2007) , with twin studies of older children and adolescents also finding evidence of passive and evocative rGE effects underlying associations between family relationship patterns and child outcomes (Neiderhiser, Reiss, Lichtenstein, Spotts, & Ganiban, 2007; Neiderhiser et al., 2004) .
The CoT and the extended CoT designs also provide evidence for passive and evocative rGE, with one study identifying an environmental component to harsh punishment as a causal link to child externalizing behavior (Lynch et al., 2006) . Further, in adolescent samples, evocative rGE was present between adolescent internalizing problems and maternal emotional overinvolvement (Narusyte et al., 2008) , and between adolescent externalizing behavior and maternal criticism (Narusyte et al., 2011) . Thus, twin studies and their derivatives have provided important insights into the relative role of passive and evocative rGE across a range of parenting and child behaviors. However, twin studies fundamentally rely on samples of genetically related parents and children. This allows derivation of estimates of genetic and environmental contributions underlying this association, but not unequivocal separation of genetic and environmental factors underlying associations between family level variables and child outcomes (or vice versa).
Utilizing the advantages of natural experimental research designs
Utilizing research designs that permit separation of passive rGE from family relationship and child outcome associations and that permit examination of evocative rGE has significant implications for understanding associations between patterns of family interaction and child development. We offer two complementary study designs that accommodate this unique opportunity. The first study is an adoption-at-birth design with a sample of families with domestic infant adoptions; the second study is an adoption-at-conception design using a sample of families with children conceived through in vitro fertilization (IVF). Both studies allow examination of the interplay between family relationship variables and child outcomes where the potential confounding influence of passive rGE is controlled, with the former study also permitting examination of evocative rGE processes.
Children conceived via assisted reproductive technologies may be genetically related to both parents (homologous IVF), the mother only (sperm donation), the father only (egg donation), or to neither parent (embryo donation). A further category exists where both parents are genetically related to the child but the intrauterine environment is provided by a genetically unrelated surrogate (gestational surrogacy). The current study focuses specifically on mothers who are genetically unrelated to their offspring (egg and embryo donation), and therefore constitutes an adoption-at-conception design because rearing mothers undergo gamete 'adoption' prenatally.
By using a sample of children adopted-at-birth and children conceived through IVF and their genetically unrelated rearing mothers, the influence of genetic confounds on family level variables that arise postnatally (passive rGE) is eliminated in examining the pattern of association between mother-child interaction patterns and nonbiological offspring behavioral outcomes. In addition, a noteworthy opportunity is provided through the adoption-at-birth design to also examine the role of evocative rGE processes that may underlie links between child behavior and the maternal provided rearing environment experienced by children (child-on-rearing mother effects).
The Present Study
The present study examined associations between maternal hostility and child ADHD symptoms using a cross-sectional, rearing mother-focused adoption-atconception design (Cardiff IVF Study; C-IVF), and a longitudinal adoption-at-birth design (the Early Growth and Development Study; EGDS). Initial analyses examined associations between rearing mother ADHD symptoms, maternal hostility (hostile parenting), and child ADHD symptoms using both study designs, whereby passive rGE was controlled across all analyses. Additional analyses using the longitudinal EGDS adoption-at-birth design examined the role of biological mother ADHD symptoms on biologically related child behavior problems (impulsivity/ activation; consonant with early ADHD type behaviors) at age 4.5 years, and the role of child impulsivity/activation on child ADHD symptoms at age 6 years, controlling for concurrent rearing (adoptive) mother ADHD symptoms.
To our knowledge, this is the first study to jointly incorporate the unique attributes of these two study designs to examine the interplay between specific family interaction patterns and child psychopathology, allowing the confound of passive rGE to be controlled, while also permitting simultaneous examination of child-on-parent effects stemming from child genetically influenced risk behaviors on maternal hostility toward the child (evocative rGE).
Method

Participants and procedures
Sample 1: Early Growth and Development Study (EGDS). Participants were a subsample (n = 320) of 361 linked sets of adopted children, adoptive mothers and fathers, and biological mothers from Cohort I of the EGDS. The current subsample included all mother-father families who had data on at least one of the measures used in the present analyses. Participants were recruited between 2003 and 2006 through 33 adoption agencies located in 10 states spanning the Northwest, Mid-Atlantic, and Southwest regions of the United States. Participating agencies reflected the full range of adoption agencies in the United States: public, private, religious, secular, those favoring open adoptions, and those favoring closed adoptions. Eligibility criteria included the following: (a) domestic adoption placement; (b) placement occurring within 3 months postpartum; (c) nonrelative placement; (d) no known major medical conditions, such as extreme prematurity, or extensive medical surgeries; and (e) biological and adoptive parents able to understand English at the eighth-grade level. Data were collected by home visit assessments and online questionnaires.
For the present study, biological mother ADHD symptoms in child were measured at 18 months and 4.5 years; child impulsivity/activation and maternal hostility were measured at 4.5 years; and rearing mother and child ADHD symptoms were measured at 6 years. Child ADHD symptoms were assessed when children were 6 years old (M = 5.99, SD = 0.17) so as to be comparable in age and stage of educational experience to the C-IVF sample. Fiftyseven percent of the children were male. The median child age at adoption placement was 2 days. Adoptive parents were typically college educated, middle to upper class families (single-parents and same sex couples were excluded from the present study). Adoptive mother and adoptive father mean ages were 38 (SD = 5.5) and 38 (SD = 5.8), respectively, at the birth of the child. The ethnicity of adoptive mothers and fathers was 91% and 90% Caucasian, 4% and 5% African American, 3% and 2% Hispanic or Latino, 1% and 1% multiracial, 1% and 1% Asian, <1% and 0% American Indian or Alaskan Native, and 1% and 1% unknown or unreported, respectively. For full demographic information refer to Leve et al. (2013) .
Sample 2: Cardiff IVF study. Participants were a subset of families who had conceived a child through one of the assisted reproductive methods described previously and were subsequently recruited through a number of different fertility clinics that agreed to participate (18 clinics in the United Kingdom and one in the United States). Families with children born between 1994 and 2002 (child aged 4-10 years) following successful artificial reproductive treatment were considered eligible for the study and were contacted via mail from the clinic on behalf of the research team. For the purposes of comparison between conception groups (not a focus of the present study), it was required that gamete donors and surrogates were unrelated to either rearing parent. All data were collected by mailed questionnaires sent to families by each participating clinic.
For the present study, the sample included genetically unrelated mothers and their 5-to 8-year old children (n = 160). The sample included an approximately even proportion of boys (50.01%) and girls (49.99%) (M = 6.47 years, SD = .83), so as to be comparable in age and stage of educational experience to the EGDS sample. Mother and father mean ages were 35 (SD = 4.73) and 38 (SD = 6.58), respectively, at the birth of the child. The number of families in each conception group for genetically unrelated mothers was 135 IVF with egg donation and 25 IVF with embryo donation. The ethnicity of mothers and fathers was 91% and 89% Welsh, English, Scottish, or Irish; 2% and 1% other European; <1% and <1% African or Afro-Caribbean; 1% and <1% Bangladeshi, Indian, or Pakistani; <1% and <1% South East Asian, other ethnicity; 1% and 1% unknown; and 5% and 7% unreported, respectively.
Measures
Where possible, comparable measures were utilized across the two research designs employed in the present study.
Biological and rearing mother ADHD symptoms. Biologically related and unrelated (rearing/ adoptive) mothers in both studies completed the Barkley's Adult ADHD scale (Murphy & Adler, 2004) regarding their impulsive, hyperactive, and inattentive behavior during the past 12 months. Mothers reported on a 4-point scale ranging from 'never' to 'very often', with higher scores indicating greater hyperactive or inattentive behavior. The 18-item scale included items, such as 'fidget with hands or feet or squirm in seat'. Internal consistency estimates were good in both studies (C-IVF a = .84; EGDS biological mother a = .90, EGDS adoptive mother a = .85).
Within the EGDS study, biological mothers also completed the Adult Temperament Questionnaire (Rothbart, Ahadi, & Evans, 2000) regarding their negative effect, extraversion, effortful control, and orienting sensitivity. Mothers reported on a 7-point scale ranging from 'extremely untrue' to 'extremely true', with higher scores indicating greater levels of trait behavior. The 5-item attention control subscale was used in the present study, and included items such as, 'It's often hard for me to alternate between two different tasks'. The internal consistency estimate was good (a = .73). The attention control subscale of the Adult Temperament Questionnaire (assessed at child age 18 months) and the Barkley's Adult ADHD scale (assessed at child age 4.5 years) were found to be moderately correlated (r = .48). The scales were thus standardized and summed into a single measure of biological mother ADHD symptoms, thereby representing a measure of symptom continuity for biological mothers utilizing the very unique longitudinal attributes of this study design. Internal consistency for the combined measure was good (a = .88).
Maternal hostility to child (rearing mother). Genetically unrelated mothers in both studies completed the Iowa Family Interaction Rating Scales (Melby et al., 1993) regarding their parenting behaviors. Mothers reported on their own hostile behaviors toward their child on a 7-point scale ranging from 'never' to 'always' with high scores indicating greater hostility. In EGDS, a 5-item hostility subscale from this measure was administered; in the C-IVF study, a 4-item hostility subscale was administered. Items overlapped between samples and included items such as 'how often did you get angry at him/her', and 'how often did you argue with him/her when you disagreed about something.' Internal consistency estimates were good for mothers and fathers in both studies (C-IVF a = .79; EGDS a = .91).
Child impulsivity and behavioral activation. Rearing mothers in the EGDS study completed the Children's Behavior Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fisher, 2001) . Mothers reported on a range of child reactions in various scenarios over the past six months on a 7-point scale ranging from 'extremely untrue' to 'extremely true.' The 13-item impulsivity scale was used in the present study and included items such as 'usually rushes into an activity without thinking about it.' Internal consistency estimates were good (a = .78).
Mothers also completed the Behavioral Inhibition Scale/Behavioral Activation Scale about the child (BIS/BAS; Blair, Peters, & Granger, 2004) . Mothers reported on the three BAS subscales of child drive, reward responsiveness, and fun seeking on a 7-point scale ranging from 'extremely untrue' to 'extremely true.' The drive subscale included the item 'when my child wants something, he/she goes all out to get it', the reward responsiveness scale included 'when good things happen to my child, it affects him/her strongly', and the fun seeking scale included 'my child craves excitement and new sensations.' Internal consistency estimates for the three scales were good (drive a = .81, reward responsiveness a = .71, fun seeking a = .70). The CBQ impulsivity subscale was found to significantly correlate with the three BAS subscales (r = .29-.66). The scales were standardized and summed into a single measure representing child impulsivity and activation which had good internal consistency (a = .87).
Child ADHD symptoms. Fathers in both studies completed the Conner's Abbreviated Parent Questionnaire (Conners, 1997) regarding the child's hyperactive and inattentive behavior. Father's reported on a 4-point scale ranging from 'not at all' to 'very much' with higher scores indicating greater hyperactivity and inattentiveness. The 10-item scale included items such as 'often fidgets or squirms in seat.' Internal consistency estimates were good in both studies (C-IVF a = .86; EGDS a = .89). Father reports were employed to overcome reliance on maternal reports across all other primary theoretical measures.
Statistical analyses
Analyses were conducted in two primary steps. First, correlations between primary theoretical variables were initially examined across the EGDS and C-IVF samples, whereby passive rGE was controlled. Second, path analysis using structural equation modeling (SEM; Muth en & Muth en, 2007) was used to extend these analyses whereby evocative rGE processes were additionally examined using the EGDS longitudinal adoption-at-birth design. All relevant statistical assumptions inherent to the application of SEM (e.g. multivariate normalcy) were initially examined and affirmed. A number of variables (i.e. child ADHD symptoms in C-IVF; biological mother ADHD symptoms and adoptive mother hostility in EGDS) were transformed to correct for moderate but significant skew. Specific to the theoretical model examined for the EGDS sample (see Figure 1) , relevant adoption covariates were included to control for their possible effect on associations across child and parent measures (e.g. adoption openness (contact with biological parents) and pregnancy complications).
Results
Rearing mother ADHD symptoms, maternal hostility, and child ADHD symptoms: controlling for passive rGE Intercorrelations, means, and standard deviations are presented in Table 1 for both samples. Significant associations were apparent between rearing mothers' reports of their own ADHD symptoms and fathers' report of child ADHD symptoms (C-IVF, r = .37, p < .001; EGDS, r = .24, p < .001), as well as between rearing mothers' report of maternal hostility and fathers' report of child ADHD symptoms (C-IVF, r = .32, p < .001; EGDS, r = .33, p < .001). Rearing mothers' report of ADHD symptoms was also correlated with maternal hostility (C-IVF, r = .29, p < .001; EGDS, r = .27, p < .01). Further associations were present within the EGDS sample; biological mother ADHD symptoms were significantly related to child impulsivity/activation (r = .17, p < .01), which in turn was significantly related to both maternal hostility in adoptive mothers (r = .17, p < .05), and the child's own ADHD symptoms (r = .28, p < .001). Substantively, these results highlight the pattern of association between maternal hostility and child ADHD symptoms across both Figure 1 Model results for the EGDS sample examining the relationship between biological mother ADHD symptoms, child impulsivity/ activation, hostility from the rearing (adoptive mother), child ADHD symptoms, and rearing (adoptive) mother ADHD symptoms. v 2 = 9.08, df = 10, AGFI = 0.99, RMSEA = 0.00. Significant indirect pathways: biological mother ADHD symptoms via child impulsivity/ activation to maternal hostility (b = .03, p < .05), and child ADHD symptoms (b = .04, p < .05); child impulsivity/activation via maternal hostility to child ADHD symptoms (b = .05, p < .05). *p < .05; **p < .01, ***p < .001 samples when passive rGE is controlled as a factor underlying observed associations.
Biological mother ADHD symptoms, child impulsivity/activation, and rearing (adoptive) mother ADHD symptoms: examining evocative rGE
To illuminate the pattern of association linking maternal hostility and child ADHD symptoms noted above, analyses were taken one step further using the EGDS longitudinal adoption-at-birth design. Path analysis was used to examine the role of biological mother ADHD as an influence on adopted children's early behavior problems (impulsivity/activation) and associations with maternal hostility in adoptive mothers, thereby allowing examination of evocative rGE processes (see Figure 1) . Maternal hostility was in turn hypothesized to predict children's later ADHD symptoms, controlling for adoptive mothers' own ADHD symptoms. Within the present study sample, 320 cases were available for analysis, of which 212 had complete data. The Little's test of missing data indicated that data were missing completely at random (MCAR), v 2 (239) = 253.64, p = .25. Multiple imputation with data augmentation was used to generate values for missing data across individual variables using NORM 2.03 (Schafer, 1997 ). Subsequently generated datasets were then tested using Mplus version 6 (see Muth en & Muth en, 2007) .
As presented in Figure 1 , biological mother ADHD symptoms significantly predicted child impulsivity/ activation at age 4.5 years (b = .17, p < .01), which in turn predicted maternal hostility from adoptive mother (b = .17, p < .05), and child ADHD symptoms (b = .23, p < .001; age 6 years). The pattern of association reported in Table 1 was also replicated when specific covariates were controlled across the EGDS analyses such that maternal hostility from adoptive mother at child age 4.5 years was associated with child ADHD symptoms at age 6 years (b = .28, p < .01), controlling for concurrent adoptive mother ADHD symptoms (r = .16, p < .05, with relevant variable covariates also controlled across these associations). Importantly, in relation to tests of hypothesized evocative rGE processes, significant indirect pathways were observed from biological mother ADHD symptoms via child impulsivity/activation to maternal hostility from adoptive mothers (b = .03, p < .05), and child ADHD symptoms (b = .04, p < .05). A significant indirect pathway was also observed from child impulsivity/activation via maternal hostility to child ADHD symptoms (b = .05, p < .05). Fit indices indicated an excellent fit for the specified model (v 2 = 9.08, df = 10, goodness-of-fit index (GFI) = 0.99, root mean square error of approximation (RMSEA) = 0.00).
Discussion
The overall aim of the present study was to examine the association between a specific feature of children's rearing environment (maternal hostility) and child ADHD symptoms. The use of two adoptionbased study designs -adoption-at-conception and adoption-at-birth -in which the rearing mother was genetically unrelated to the child allowed examination of this association, controlling for the possible confounding presence of passive rGE across all analyses. Further, the longitudinal adoption-at-birth design allowed examination of evocative rGE processes underlying associations between maternal hostility in rearing (adoptive) mothers and child ADHD symptoms. The results uniquely highlight two findings of clinical and developmental significance: (a) the salience of hostile maternal parenting behavior on the course of children's ADHD symptoms; and (b) the role of early disrupted child behavior (impulsivity/activation) as an influence through which genetically influenced child attributes influence biologically unrelated mothers' hostility, which in turn is predictive of children's later ADHD symptoms.
In the present study, significant associations between maternal hostility in rearing mothers and child ADHD, and between rearing mothers' ADHD symptoms and child ADHD symptoms were identified in both samples. Because all of the children in this study were genetically unrelated to their rearing mother, these associations cannot be attributed to shared genetic influences (i.e. cannot result from passive rGE). This pattern of results was replicated across both studies despite the different nature of the samples and the different countries that the participants resided in, suggesting that the pattern of association linking mother-child interaction and child ADHD symptoms is quite robust. A second key finding of the present study is the presence of evocative rGE effects. Specifically, biological mother ADHD symptoms that index genetic risk had an indirect effect on maternal hostility in adoptive mothers via child impulsivity/activation. In other words, genetic influences on early disrupted child behavior marked by child impulsivity/activation evoked hostility from the rearing mother toward her child. Child impulsivity/activation also had a direct effect on later ADHD symptoms, with rearing mother hostility predicting higher child ADHD symptoms. Substantively, the path from biological mother ADHD symptoms to child impulsivity/activation suggests that such child behaviors might be among the earliest manifestations of genetic influences on child ADHD, and provides a clue to the mechanisms underlying biological-based intergenerational transmission of ADHD within families. To our knowledge, this is the first study to identify specific evocative effects on child ADHD symptoms, and specific child behaviors whereby such effects are transmitted.
Implications for clinical practice
At least two primary avenues for management of child ADHD symptoms are suggested by the present findings. First, the association between rearing mothers' parenting hostility and child ADHD symptoms suggests that early interventions targeting mother directed hostility toward children, especially those with temperamental attributes of impulsivity/activation that appear to evoke such maternal responses, may strengthen the efficacy of intervention programs aimed at reducing child ADHD symptom levels in the general population. Numerous existing evidencebased programs targeting child conduct problems include such a focus (e.g. Dishion et al., 2008; Webster-Stratton, Reid, & Hammond, 2001) , and National Institutes for Health and Care Excellence (NICE, UK) and European guidance recommends such programs for the initial treatment of ADHD. These findings suggest that interventions could start much earlier in life. However, the evocative pathway identified from child impulsivity/behavioral activation to adoptive mother hostility suggests that parents may also be trained to better identify specific behavioral attributes in their child early that evoke hostile maternal responses that, in turn, promote continuity of ADHD problems later. These approaches might ultimately help reduce the expression of ADHD symptoms in children in the general population at a period in their development (school entry) where such symptoms can have long-term effects on multiple developmental domains, including family and peer relationships, academic attainment, as well as future emotional and behavioral development (Barkley, 2002; Hoza, 2007; Thapar, Harold, Rice, Langley, & O'Donovan, 2007) .
Limitations and future directions
Several limitations of the present study should be noted. First, the C-IVF study was cross-sectional in nature, and therefore the directionality of association between mother and child variables cannot be fully disentangled. However, developmental theory along with the longitudinal nature of the EGDS study provides support for the direction of effects as hypothesized. Nonetheless, neither study measured maternal hostility at a developmental period after the child ADHD assessment; additional research is needed to examine potential bidirectional associations later in development. Second, results need to be replicated with more diverse and high-risk families to test the generalizability of the present findings to other populations. Third, all measures were derived from parent report. However, we included mother report of her ADHD symptoms and her parenting hostility, and father report of child ADHD, thus reducing the likelihood that associations were solely the result of rater bias. In addition, in the EGDS, biological mothers provided ratings of their own ADHD symptoms. Fourth, mothers' ADHD symptoms were measured (rather than fathers' symptoms), even though ADHD diagnoses are more prevalent in males as compared to females. This may have reduced (or increased) the magnitude of associations between mother and child ADHD symptoms. Additionally, we did not examine the role of fatherchild relations in these analyses. Recent research suggests that patterns of interaction and child outcomes may vary across mother-child and father-child relationships (Harold et al., 2013; Lamb, 2004) . Finally, this study measured ADHD symptoms and for parents focused on current symptoms, rather than diagnoses. It is unknown whether the familial associations found in the present study will generalize to clinical populations.
These limitations notwithstanding, the present study suggests a two-way process through which family relationship patterns affect child ADHD symptoms. First, hostility directed by mothers to children may promote a transition from early impulsivity-related temperamental attributes in children to an increase in child ADHD symptoms. Second, as uniquely evidenced by the present study, genetically informed early behavioral attributes in children may evoke more negative parenting from mothers, which in turn affects children's ADHD symptoms. Interventions aimed at ameliorating the developmental precursors to ADHD in the general population may therefore target not only hostile parenting behaviors consonant with elevated ADHD symptoms in children, but specific parenting responses more likely to be evoked by early behavioral attributes in children at genetic risk for ADHD.
